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CHAPTER I. INTRODUCTION AND BACKGROUND 
Public concern about soil erosion has been evident in the United 
States almost as long as the problem of soil erosion itself. In early 
1900, it was suggested that "We have inherited the choicest plot of 
land for food production the world had to offer and thus far we have 
ravaged it without a thought to the future," ("Conserving the Soil," 
1981). During the dust bowl era and beyond, agricultural experiment 
stations have warned that U.S. farmland has too often been "mined" 
rather than farmed. Government agencies, such as the Soil Conservation 
Service (SCS), throughout their history have mounted large-scale public 
awareness campaigns alerting farmers to their self-destructive farming 
methods. 
But those who have been accused of abusing the land are not totally 
obtuse nor unbenevolent. They are, in fact, merely executing the siz­
able job of feeding themselves, nonfarm U.S. families, and much of the 
rest of the world. The problem of continuing soil loss in this country 
is not primarily caused by farmers' lack of awareness, lack of erosion 
control technology, nor lack of public concern. The problem of acceler­
ated soil loss and continued soil degradation stems from many deep-
rooted aspects of agriculture and farm life such as making a living, 
inflexible institutions, and increasing demands for farm products. 
The latter has become a leading threat to our land resources in the 
view of many scholars. 
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As domestic and, notably in the 1970s, foreign demands for U.S. 
agricultural products have risen, farmers have been induced to increase 
production on the extensive margin. Often this new land is more fragile 
and susceptible to degradation (Table 1). Thus, as John F. Timmons, 
distinguished professor in agriculture puts it: 
In effect, we are exporting our soil in the form of food and 
feed grain shipments. In terms of our foreign balance of trade, 
we may well be killing the goose that lays the golden eggs of 
grain exports ("Conserving the Soil," 1981). 
Table 1. Erosivity of U.S. cropland^  
Acreage now Current erosion Acreages that 
Soilb in intensive rates in these could be 
capability production capability classes^  added*^  
class 10® acres (%) tons/acre/year 10 acres (%) 
I 28(9) 3.2 6(3) 
II 151(50) 4.3 69(38) 
III 94(31) 6.9 74(40 
IV 27(9) 11.5 34(19) 
S^ource (USDA, SCS, 1978b), 
measure of the constraints on crop production (I) means excel­
lent capability and few restrictions, while (IV) means severe limita­
tions on crop choice with special practices required, 
S/ater-caused erosion only during intensive production. 
T^resent cropland not now in intensive use plus land with high 
and medium potential for switching; this is likely to be an upper 
bound. 
In light of our current and projected energy environment, another 
possible competitor with soil conservation may be looming on the hori­
zon. That competition may be in the form of energy from agriculture. 
It has already begun in a small way with the derivation of alcohol from 
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corn grain. There are plans for expansion in this endeavor, including 
thoughts of crop residue derived alcohol production. If these new 
demands for agricultural products are added to growing export demands, 
the effects on our soil could be devastating. Therefore, it is impor­
tant and even imperative that we weigh possible trade-offs between 
erosion and alcohol production from agriculture. If indeed there exists 
a complementary range between the two, its boundaries must be defined 
now, before we attempt to shift into full-scale alcohol production in 
the future. 
Statement of Purpose 
In general, this study is meant to investigate the effects of full-
scale alcohol production from corn grain and com residue on the U.S. 
agricultural sector with emphasis on soil loss. In particular, it is 
meant for this study to answer a myriad of questions: 
1. Is it possible to meet the demands for alcohol with corn grain 
production from conventional farm lands? 
2. If not, will marginal lands be brought into production? 
3. How will the increased demands for corn grain affect the 
production and locations of other crops? 
4. Will there be changes in enterprise income penalties or land 
shadow prices? 
5. Will expanded production have an influence on national or 
regional income variation? 
6. Will irri%rtion increase as more com production is needed? 
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7. What effect might this increased irrigation have on commodity 
prices? 
8. What effects will increased com production at the intensive 
and/or extensive margins have on soil loss? 
9. What are the quantifiable trade-offs between alcohol produc­
tion from corn grain and soil loss? 
10. Is it possible for the United States to meet the demands for 
alcohol with corn residues? 
11. Where would the com residue removal take place? 
12. What effects would increased corn residue demands have on the 
production of the total corn crop? 
13. What are the trade-offs between alcohol production from com 
residue and soil loss? 
Soil Loss: A Continuing Problem 
At the turn of the eighteenth century, the United States was a vast, 
uncultivated expanse outside the original colonies. But quickly, much of 
tbd prairie land and some forest land was cleared and plowed under. The 
new land was being farmed to meet the expanded needs of a growing America. 
At first, the bounty of the land seemed endless. There was no apparent 
reason to worry about the loss of such a plentiful resource as soil. 
But, the 1930s saw part of this rich expanse tum into wasteland as 
drought conditions converted it into a "dust bowl." It was this period 
in history that spurred a massive government effort of soil conservation, 
(nearly $15 billion to date (USDA, SCS, 1977b)). 
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Accelerated soil erosion developed as a major consequence of a 
rapidly expanding, highly technical agriculture. Even as the loss of 
topsoil began to reach the stage of crop growth hindrance, improved 
farming practices and inputs emanated productivity increases which 
masked the detrimental soil loss effects. The lack of visiblity has 
been a big reason why the problem of soil erosion has remained with us. 
(Only 36 percent of the 472 million acres of cropland in 1967 was 
judged to have adequate conservation treatment (USDA, SCS, 1977b).) 
Today, sheet and rill erosion alone accounts for 6.3 ton/acre/year 
losses nationally on cropland while some major cropping areas like the 
Corn Belt account for much more (USDA,SCS, 1978b). In fact, soil 
losses in the Midwest last year were greater than they were in the 
worst year of the Dust Bowl ("Conserving the Soil," 1981). The eroded 
soil causes major problems besides nutrient loss (Table 2). The de­
tached soil causes turbidity in streams and fills lakes and reservoirs. 
It clogs drainage systems and damages wildlife habitat. Sediment also 
carries with it pollutants such as fertilizer and pesticides which 
damage the environment chemically as well. The Soil Conservation 
Service estimates that yearly material damage alone exceeds $1 billion 
(USDA, SCS, 1977a). 
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Table 2. Environmental impacts of agriculture^  
Water 
•Leaching of salts and nutrients into surface and groundwaters, (and 
runoff into surface waters) which can cause pollution of drinking 
water supplies for animals and humans, excessive algae growth in 
streams and ponds, damage to aquatic habitats, and odors. 
•Flow of sediments into surface waters causing increased turbidity, 
obstruction of streams, filling of reservoirs, destruction of aquatic 
habitat, increase of flood potential. 
•Flow of pesticides into surface and groundwaters, potential buildup 
in food chain causing both aquatic and terrestial effects such as 
thinning of egg shells of birds. 
•Thermal pollution of streams caused by land clearing on stream banks, 
loss of shade, and thus greater solar heating. 
Land 
•Erosion and loss of topsoil from decreased cover, plowing, increased 
water flow because of lower retention; degrading of productivity. 
•Displacement of alternative land uses — wilderness, wildlife, 
esthetics, etc. 
•Change in water retention capabilities of land, increased flooding 
potential. 
•Buildup of pesticide residues in soil, potential damage to soil 
microbial populations. 
•Increase in soil salinity (especially iiom irrigated agriculture), 
degrading of soil productivity. 
•Depletion of nutrients and organic matter from soil. 
S^ource (USDA, OTA, 1980). 
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Alcohol Production From Corn: The Processes 
Alcohol from com grain: 
"Beverage" or "dry mill" process 
The dry mill process of alcohol fermentation involves a number of 
steps which are represented in Figure 1. Although certain steps may 
vary, four basic elements of the process can be identified as common 
to most variations. The preparation stage involves the milling of the 
com into a uniform meal, exposing the starch granules, then adding 
approximately 16 gallons of water per bushel of corn to form a slurry. 
The pH level is then adjusted to a 6.0-7.0 range. The cooking and 
saccharification stage begins as enzymes are added to reduce the vis­
cosity of the slurry upon heating. As the slurry is heated, (200-325°F), 
the starch is gelatinized, rendering it susceptible to enzyme breakdown 
into soluble, high molecular weight starch chains called dextrins. As 
the slurry is allowed to cool, a second enzyme is added to saccharify 
(convert) the starch dextrins into fermentable sugar. The pH level is 
adjusted down to 4.0-4.5 in the fermentation stage. The slurry is then 
inoculated with a yeast culture and allowed to ferment from 48 to 120 
hours. This step converts the sugars into alcohol and carbon dioxide. 
The residual corn and spent yeast (distiller's dried grains and sol­
ubles, DDGS) are removed leaving a "beer" consisting of 6-12 percent 
alcohol and water. In the distillation stage, the beer is heated to 
vaporize the alcohol at near boiling temperatures. The alcohol vapor 
is collected in a cooling tank where it condenses into a liquid. A 
dehydration tower may then be used to further purify the alcohol with 
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Figure 1. Process flow diagram for production of ethanol from com 
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a hydrocarbon solvent. The final product from the process is 190-200 
proof (95-100 percent) ethanol, the balance being water. Current aver­
age yields per bushel of com are 2.5 gallons of ethanol, 17 pounds of 
DDGS, 17 pounds of carbon dioxide and a small amount of fusel oil 
(.075 pounds). 
Alcohol from com grain; 
"Wet mill" process 
This process involves a relatively minor variation from the dry 
mill process as the corn germ, oil, and meal are removed prior to the 
fermentation stage. This variation makes the wet mill process some­
what more economical because the distillation units can be smaller as 
less material is actually processed. The by-products from the wet mill 
process have a lower fiber content than the DDGS, thus they have a 
higher feeding value. The current average yields per bushel of corn 
in the wet mill process are 2.4 gallons of ethanol, 1.6 pounds of corn 
oil, 10 pounds of 21 percent protein feed, 3 pounds of gluten meal 
(60 percent protein), and 17 pounds of carbon dioxide. 
Alcohol from corn residue 
Com residues contain basically three materials: hemicellulose, 
cellulose, and lignin. The technology for converting hemicellulose to 
sugars is fairly simple and has been used in the production of the 
chemical feedstock furfural. Lignin cannot be converted to sugars, but 
even more distressing is the fact that it serves as a bonding agent 
which protects the cellulose portions of corn residue from chemical 
in 
breakdown as well. The reduction of the residue requires mechanical 
pretreatment or pretreatment with acid to remove the hemicellulose 
(converted to alcohol in a separate step) and loosen the lignocellulose 
combination. When the cellulose portion becomes susceptible to biolog­
ical reduction, acid or enzymes are added which hydrolyze it. The 
sugar solution can then be fermented and distilled as in other processes. 
Current average alcohol yield from one ton of com residue is about .50 
gallons. 
Review of Similar Studies * 
Alcohol production and soil erosion, when considered separately, 
have been the subject of many a thesis, book, and journal article. 
Soil erosion, as a result of alcohol production, however, is a critical 
problem which has seemingly escaped major investigation. When the 
initial enthusiasm for alcohol from agriculture surfaced, farm organi­
zations, crop promotion boards, and some policymakers touted the appar­
ently overwhelming promise of this new fuel source. But, more recently, 
researchers have begun to warn of possible increased soil losses associ­
ated with large-scale alcohol production. Not only have researchers 
warned against removing com residue from the topsoil (a practice 
which has always been considered detrimental to soil conservation), 
but they also theorize that an increase in the demand for com grain 
may cause more erosive land to be cropped. Hertzmark e^  (1980) 
comment that "External diseconomies of gasohol production, such as 
increased soil erosion, ... also require consideration." The Office 
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of Technology Assessment, in a very detailed study which does not in­
clude alcohol production effects on soil loss, identified major areas 
where research seemed particularly important: 
Detailed evaluations need to be performed to determine how 
(crop) residue use can exacerbate environmental problems 
such as soil erosion. 
Investigation of the environmental effects of...soil erosion 
and other effects associated with increased agricultural produc­
tion (of alcohol feedstock) 
Analysis of the availability and productivity of potential crop 
lands, the cost of bringing this land into production, and its 
effect on agriculture (USDA, OTA, 1979). 
Even the general agricultural public is being warned through the 
news media of a possible environmental danger from alcohol production; 
Many agricultural leaders who have taken a hard look at gasohol 
classify it as a short-term blessing but a possible long-term 
disaster. This is not a popular view and it's not openly dis­
cussed, but if the decision is made to go full-bore for gasohol, 
we may be trading soil for oil ("Peril to Soil in Gasohol," 1980). 
Although the literature does not presently offer any studies dealing 
empirically with the alcohol/soil loss question, it does offer the fact 
that concern is developing. It is because of this concern and the 
apparent literature gap that this dissertation was conceived. 
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CHAPTER II. PROJECT SYNOPSIS 
To address the impacts of alcohol production from corn grain and 
corn residue on U.S. soil loss, a detailed alcohol sector was developed 
to link with a national linear programming model. The obvious advantage 
with the combination of models is that not only can the effects of alco­
hol production on soil loss be analyzed, but other important economic 
variables can be addressed as well. The completed model is capable of 
analyzing U.S. agricultural production location, regional land use, soil 
loss variation, and national and regional prices, under various scenarios 
of alcohol production. The soil loss results can also be obtained on a 
regional scale. In fact, this model is equipped to answer the entire 
list of questions which were previously posed in the "Statement of 
Purpose" in Chapter I. 
The Programming Model 
General overview 
The CARD national linear programming model used in this study has 
been developed recently at the Center for Agricultural and Rural 
Development in conjunction with the Resource Conservation Act effort. 
The basic units of the programming model are the 105 producing areas 
(PA) (Figure 2), which are derived from the U.S. Water Resource Council's 
99 aggregated subareas (ASA). The PAs are identical to the ASAs with 
the exception of six ASAs which are subdivided to better reflect agri­
cultural production. In addition, PAs 48 through 105 serve dual 
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puposes because they define irrigable regions in addition to the pro­
duction areas. 
These 105 PAs aggregate into 28 market regions (MR) (Figure 3). 
Each market region represents an established commercial and transpor­
tation center and serves as the hub of commodity demands and transport 
linkages. 
At the different regional levels, restraints are defined as to the 
availability of dry and irrigated cropland by land group (Table 3) 
Table 3. Allowable conservation and tillage practices on the 5 land 
groups 
Conservation practices Tillage practices^  
b Row Strip 
Land Land crop­ Contour­ crop­ Terrac­ Fall Spring Minimum 
groups class ping ing ping ing plow plow tillage 
1 I;IIwa;IIIwa X X X 
2 II;III;IV;V X X X X X 
3 Ille X X X X X X 
4 IVe X X X X X X 
5 VI;VII;VIII X X X X 
A^s described in (Wischmeier and Smith, 1965). 
A^s described in (USDA, SCS, 1977a). 
""X = practice allowed. 
and commodity demands. The land base, water, and nitrogen are adjusted 
for the requirements of the crops whose regional distribution is not 
endogenously determined. Thus, the right-hand-sides for these three 
inputs reflect the quantity of land available for endogenous crop 
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production; the quantity of water required for exogenous crop production; 
and the quantity of nitrogen supplied from livestock less the quantity 
required for exogenous crop production. The commodity demands, speci­
fied by MR, are the driving force for the model. These demands are 
determined by adding the domestic human consumption, the feed require­
ments for the projected level of livestock production, the industrial 
consumption, and the level of exports (Table A-1). 
Production alternatives (activities) in the model include crop 
production, water availability, nitrogen purchase, irrigation and 
land development, and transportation. Barley, corn grain and silage, 
cotton, legume and nonlegume hay, oats, sorghum grain and silage, soy­
beans, wheat and summer fallow are endogenously produced through dry 
and irrigated production practices. These crops require nitrogen, 
water (only on irrigated practices), and land, and produce yields and 
soil loss. The water sector defines the quantity of water available 
for both endogenous and exogenous crop and livestock needs and defines 
activities to meet these needs. The nitrogen purchase activities, 
specified by MR, supply commercial nitrogen to the crop production 
sector. Additional land is made available through the marginal land 
development activities and the dry/irrigation conversion activities 
allow a predetermined maximum quantity of land to be converted from dry 
to irrigated. Finally, there are 176 transportation routes defined 
to simulate transportation routes between MRs (English, Alt, and Heady, 
1981). (A current and complete description of this case model, its 
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sector development, and data sources can be found elsewhere (English, 
Alt, and Heady, 1981).) 
Soil loss 
The gross soil loss, determined through the Universal Soil Loss 
Equation (USLE), represents the average annual tons of soil displaced 
within the field by water erosion. The USLE as described by Wischmeier 
and Smith (1965) is used in this model to develop the gross soil loss 
coefficients. 
The soil loss equation is represented by: 
A  =  R x K x L x S x C x P  
where : 
R is a rainfall erosive factor based on the local area; K is a 
soil erodibility factor for the specific soil determined from its 
erosion under continuous fallow on a 9 percent slope, 72.6 feet 
long; L is the slope length factor relative to a 72.6 foot slope 
length; S is the slope gradient factor relative to a 9 percent 
slope; C is the crop management ^ actor which relates to a partic­
ular crop rotation and tillage practice; and P is the erosion 
control practice factor which related to the conservation practice. 
Further detail on the factors and on the computational procedures 
used to calculate them is available elsewhere (English, Alt, and Heady, 
1981) (Wischmeier and Smith, 1965). The variables are defined as the 
dominant value existing on each soil class and subclass in the report­
ing area. The KLSR and S portions of the equation are determined for 
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each state portion of the LRAs using the 1973 SCS questionnaire, the 
1977 National Resource Inventory, and the 1978 SCS questionnaire 
(English, Alt, and Heady, 1981). The KLSR and percentage slope are 
then weighted to the PA level by the five land groups using the acres 
by land capability class and subclass and then aggregated to the land 
groups. The rotations and their corresponding factors are derived from 
the 1978 SCS questionnaire. The tillage C factors, conservation method, 
and the percentage slope are used to define the P factor. These are 
then combined to give a unique soil loss coefficient for each rotation 
on each conservation-tillage practice (Table 3) for each land group in 
each PA. The soil loss coefficient, thus, reflects the severity of 
erosion for the conditions that prevail for the defined cropping system. 
Yield reduction from soil loss 
Yields in the model are adjusted according to productivity lost 
when soil is eroded. To achieve this, equations developed by Dyke and 
Hagen (reported in English, Alt, and Heady, 1981) are used to estimate 
yield adjustment factors. The equations develop yields as a function 
of land group, depth of soil horizon, soil subclass, slope, soil tex­
ture, and location. The soil loss rate of a given rotation in the model 
is used to calculate total soil loss on that rotation by the year 2000. 
This loss is converted into soil depth and subtracted from the soil 
depth variable in the yield adjustment equation. Using this adjustment, 
the yields in each rotation take into account the productivity lost 
when soil is eroded (English, Alt, and Heady, 1981). In essence, the 
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model is then equipped to minimize costs including the "costs" of 
declining yields as soil loss increases. 
The Alcohol Sector 
Com grain subsector 
Figure 4 illustrates the important rows, activities, and demands 
or right-hand sides (RHS) of the corn grain subsector. The rows and 
rotation activities are PA specific, the demands (RHS) are MR specific, 
and the alcohol conversion ratios are national. This allows for nation­
ally consistent conversion technology with regional production of alcohol 
feedstock (com). It is assumed in this study that alcohol production 
is split evenly between dry mill and wet mill techniques. Although the 
dry mill process is the one predominantly used today, the wet mill proc­
ess will become more popular for reasons explained previously. Because 
the by-products from the wet mill technique are fed to nonruminants as 
well as ruminants, soybean meal can be replaced to a greater extent by 
the alcohol by-products. 
The com grain to alcohol conversion factor used in this model 
assumes three gallons of alcohol can be produced from one bushel of 
com. Although current techniques have only been able to yield 2.5 
gallons per bushel, the technology to free the remaining com starch 
(and thus more alcohol) is attainable by 2000 (Tsao, 1981a). By freeing 
all of the starch from corn grain in the alcohol production process, 
the feed by-product becomes a very high protein substance with little 
energy value remaining (Tsao, 1981b). Therefore, we assume in this 
19 
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Figure 4. An illustration of the corn grain/alcohol subsector 
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study that the alcohol by-products substitute for soybean meal at a 
rate of 2 to 1 (Meekhof, Tyner, and Holland, 1980) but have no value for 
com substitution. Grain to alcohol conversion costs are zero in the 
model. Thus, upon solution, the shadow prices for alcol ol generated 
by the model will reflect feedstock production costs only. 
Marginal land, which the SCS describes as having a high probability 
of being converted to cropland, is allowed to enter into the model as 
needed. The 37.5 million acres of marginal land are added to the land 
resource rows by land class. The new land has conversion costs (USDA, 
SCS, 1980) associated with its entry into production and because much 
of the land (over 50 percent) is erodable, it generally enters land 
groups 2 and 3. 
Com residue subsector 
Figure 5 illustrates the important segments of the com residue 
portion of the alcohol sector. As in the com grain subsector, the 
rows and rotation activities are PA specific, the demands (RHS) are MR 
specific, and the alcohol conversion ratios are national. 
Most of the major soils in the United States can be classified 
into one of two groups (Figure 6): Group A, soils whose continued pro­
ductivity is more or less independent of the organic matter level and 
Group B, soils whose productivity is closely dependent upon organic 
matter. In Group B soils, plows pans develop rapidly, permeability and 
water holding capacity is easily reduced, and soil density increases 
readily. Most all of the crop residues produced on Group B soils are 
needed to maintain productivity (Shrader, 1977). 
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Figure 6. Land used in the model for corn residue removal (Al, A2) 
23 
In Croup AJ however, these soils have physical properties that are 
resistant to change by man (excluding erosion). Soil structure, ease 
of tillage, infiltration rates, and bulk density are favorable for resi­
due removal. However, in section 2 of Group A (A2 in Figure 6), residues 
can only be removed from irrigated land, due to high wind erosion on 
dryland farming in those regions (Shrader, 1977). 
Thus, for this study, corn residue removal will be allowed from all 
land in Group A, section 1 and from irrigated land in Group A, section 2. 
(This area constitutes the major corn production regions as well.) 
The com residue to alcohol conversion factor used in this model 
is 1 gallon of alcohol from 20 pounds (dry weight) of crop residue. 
Again, this yield is unattainable today but is probable by 2000 (Tyner 
and Bottum, 1979). As with corn grain, the conversion costs are con­
sidered zero in the model. Ten percent of the com residue is unavail­
able for removal because it is used for livestock feed and bedding 
(Buchele and Marley, 1979). 
Corn residue removal costs, which are added to the objective value 
of each residue removal rotation, are taken from work by English, et al. 
(1980). These costs include harvesting, transportation, and an oppor­
tunity cost for nutrient removal. An average cost for corn residue 
removal, in 1975 dollars, is $13.65. This amount would be nearly double 
in current dollars. The actual cost breakdown and derivation of these 
costs are found elsewhere (English, Short, Heady, and Johnson, 1980). 
Scenarios 
Initially, a Base run containing no alcohol demands is made as a 
benchmark for the study. The Base is a normative description of an 
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optimal agricultural sector in the year 2000 under conditions specified 
in Chapter II and the Appendix. This study uses the Base to compare 
with alternative alcohol production strategies. These 11 alternatives 
are grouped under the general classification. Scenario One, Scenario 
Two, and Scenario Three. 
Scenario One addresses the question of how increased com grain 
production to meet various alcohol demand levels might affect U.S. 
agriculture in the year 2000. The four alternatives in Scenario One 
consist of four alcohol demand projections (6,8, 10, and 12 billion 
gallons) for 2000 and are labeled Corn 6, Corn 8, Com 10, and Com 12, 
respectively (Figure 7). 
Scenario Two addresses the problems incurred when com residue is 
used to meet the feedstock demands of various alcohol production levels. 
'"înê"£Ôur~alternative&r"lri Scenario Two consist of the same four alcohol 
demands as in Scenario One and are labeled Residue 6, Residue 8, Residue 
10, and Residue (Figure 7). 
Scenario Three contains three alternatives. Alternative Grain/ 
Residue meets alcohol demands of 10 billion gallons using half com 
grain and half com residue as the alcohol feedstock. This altemative 
incorporates both alcohol producing technologies simultaneously. Altema­
tive Residue lOT is identical to Alternative Residue 10 (from Scenario 
Two), except that in Residue lOT, soil loss from all land is constrained 
such that it does not exceed the agronomic T values. (The T value is 
the amount of soil a certain parcel of land can lose annually without 
decreasing the productivity of that land.) Altemative Com lOW is the 
SCENARIO 
ONE 
Corn Grain 
SCENARIO 
TWO 
Corn Residue 
m 
( billion gallons of alcohol ) ( billion gallons of alcohol ) 
Figure 7. Two scenarios with 4 alcohol demand alternatives per scenario 
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last alternative in Scenario Three. This alternative is identical to 
alternative Com 10 (from Scenario One) except that in Com lOW irri­
gation is constrained to the level which was optimal in the base run. 
This last alternative is meant to simulate the full scale production of 
alcohol from com grain in an environment of decreasing water supplies 
and/or increased irrigation pumping costs. Scenario Three is diagrammed 
in Figure 8. 
In the following chapters, results from each scenario will be 
reported separately although it may be enlightening to occasionally 
compare alternatives from different scenarios. Although results can 
normally be obtained at the PA level, they are aggregated to seven major 
zones (Figure 9) in this study to ease reporting. 
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SCENARIO 
THREE 
^^ 10^  
(1/2 corn grain) 
(1/2 corn residue) 
(soil loss constrained 
to T values) 
(irrigation con­
strained to Base 
levels) 
Figure 8. Scenario Three: The production of 10 billion gallons of 
alcohol under three alternatives 
NORTHWEST 
GREAT PLAINS NORTH CENTRAL SOUTHWEST 
SOUTH CENTRAL 
SOUTH ATLANTIC 
Figure 9. 7 major zones of the United States 
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chapter iii. results: scenario one, grain 
Scenario One includes 4 alternatives which specify 4 levels of 
alcohol production from com grain. As the programming model used in 
this study adjusts to each level of increased alcohol demand, many 
changes in the modeled agricultural sector result. Although this study 
is mainly concerned with soil loss results, other results of importance 
will be reported as well. 
National and Regional Crop Production 
National crop production (Table 4) is influenced in a fairly straight­
forward manner in the model as alcohol demands rise. In this scenario. 
Table 4. Crop production on all endogenous land. Scenario One 
Alternatives 
Crop (Unit) Base Corn 6 Corn 8 Corn 10 Com 12 
(million units) 
Com bu. 8,450 10,450 11,117 11,784 12,450 
(+47%)* 
Wheat bu. 3,163 3,163 3,163 3,163 3,163 
Soybeans bu. 3,218 2,775 2,627 2,480 2,332 
(-28%)a 
Sorghum bu. 1,378 1,378 1,378 1,378 1,378 
Oats bu. 726 726 726 726 726 
Barley bu. 775 775 775 775 775 
Silage ton 109 109 109 109 109 
Hay ton 146 147 147 147 147 
Cotton bale 12 12 12 12 12 
^Percentage change from Ease values. 
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the feedstock for alcohol is corn grain and the by-product from the alcohol 
production process (DDGS) is substituted for soybean meal. Hence, com 
production increases to meet rising alcohol demands and soybean production 
falls as increased DDGS production substitutes for soybean meal. The 
degree in which these changes from the Base occur become substantial as 
alcohol demands rise. At the 12 billion gallon alcohol demand level 
(Com 12), com production increases nearly 50 percent to over 12 billion 
bushels while soybean production decreases by 28 percent. 
With a free market assumed for agricultural outputs, crops in the 
model are grown in areas of greatest comparative advantage. Table 5 
Table 5. Regional corn production. Scenario One 
Maj or Alternative 
zone Base Corn 6 Com 8 Com 10 Corn 12 
(million bushels) 
North 
Atlantic 
315 543 552 554 580 
(+84%)® 
South 
Atlantic 
1,404 1,600 1,636 1,750 1,776 
(+26%) 
North 
Central 
4,547 5,898 6,422 0,879 7,490 
(+65%) 
Great 
Plains 
1,987 2,184 2,281 2,370 2,364 
(+19%) 
South 
: Central 
195 222 224 225 226 
(+16%) 
Northwest 0 0 0 0 0 
Southwest 2 2 3 5 13 
Total 8,450 10,450 11,117 11,784 12,450 
(47%) 
^Percentage change from Base values. 
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illustrates that the Midwest has a comparative advantage in com produc­
tion. As alcohol demands rise, each region produces more corn. But on 
the average, the North Central zone supplies 75 percent of all additional 
com demanded by alcohol production in each alternative. This large 
increase in corn production in the North Central zone squelches the 
region's soybean production (Table 6). A reduction of over 700 million 
bushels of soybeans is illustrated between the Base and Com 12 alterna­
tives in the North Central zone. 
Table 6. Regional soybean production. Scenario One 
Alternative 
Region Base Com 6 Corn 8 Com 10 Com 12 
(million bushels) 
North Atlantic 100 46 46 46 43_ 
(-57%)* 
South Atlantic 1,044 998 989 972 966 
(-7%) 
North Central 1,949 1,606 1,479 1,355 1,227 
(-37%) 
Great Plains 92 91 80 72 62 
(-33%) 
South Central 33 33 33 33 33 
(0%) 
Northwest 0 0 0 0 0 
Southwest 0 0 0 0 0 
Total 3,218 2,775 2,627 2,480 2,332 
(-28%) 
^Percentage change from Base values. 
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It is accurate to state that large-scale alcohol production affects 
com and soybean production in almost every region of the United States. 
Yet the largest and most pronounced production shift from soybeans to 
com in the model can be found in the North Central zone, a region with 
a large comparative advantage in the production of both crops. 
Land Use 
Almost 361 million acres of land are used in the Base solution to 
grow the crops needed to meet year 2000 demands (Table 7). D^land 
Table 7. U.S. land use by crop and type of land. Scenario One 
Alternative 
Land use Base Com 6 Com 8 Com 10 Com 12 
Crop 
(000 acres) 
Feed grains 114,288 130,357 133,995 139,133 145,101 
Soybeans 89,598 77,739 73,730 60,645 65,732 
Wheat 85,687 86,504 88,024 87,757 86,979 
Cotton 8,740 8,555 8,499 8,713 8,715 
Hay 48,029 49.674 49,883 50,250 50,573 
Silage 7,720 7,717 7,809 7,819 7,828 
Land type 
Dryland 339,495 345,206 345,290 344,969 345,365 
(+2%f 
Marginal 
land 
27,677 29,677 30,263 31,122 31,842 
(+15%) 
Irrigated 
land 
21,457 24,055 25,636 27,407 29,021 
(35%) 
Total 360,952 369,260 370,926 372,376 374,386 
(+4%) 
^Percentage change from Base values. 
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acreages account for 94 percent of endogenous cropland, including 27 
million acres of high potential marginal land. The optimal land base 
includes 21.5 million irrigated acres, or 6 percent of the total. 
As alcohol demands rise, com production uses more and more land 
while soybean acreages fall. But because this substitution is not one 
to one, the land base must expand to meet existing commodity demands 
plus the added demands on corn for alcohol production. At the Com 12 
level, 13.4 million acres of land must be added to the land base to 
meet the added alcohol needs. Irrigated land accounts for 7.5 million 
acres of the added land, marginal dryland adds 4.2 million acres, and 
existing dryland expands by 1,7 million acres. This result implies 
that the existing dryland portion of the land base is depleted suffi­
ciently enough to allow higher cost irrigated and marginal land to be 
added as alcohol demands rise. 
Two reactions to increased marginal land and increased irrigated 
land come to mind and are well-warranted. First, margiris.1 land is 
considered erosive, thus expansion may be environmentally prohibitive. 
Second, expanding irrigation may be infeasible if water supplies are 
depleted or if pumping costs continue to rise. Both reactions deserve 
further analysis and receive it later in this chapter and in Chapter V. 
Land Rent 
Land shadow prices in the model solution can be interpreted as land 
rents. Tb'='- land shadow price represents the marginal value product 
(value) of the last unit of land made available to the model. The 
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shadow price indicates the value of that land unit for one year. Because 
this price is an imputed rent, determinants such as discount rates or 
price speculation are not included. 
, As demands for alcohol rise, increased com production puts strain 
on the land base. Adding an acre of land into production becomes more 
and more expensive and the value of that added acre rises. 
Table 8 illustrates the increase in land rent as increased alcohol 
demands require greater output. In the extreme case of alternative 
Com 12, land rents are increased over 50 percent to $101.22 per acre. 
The land rents of the North Central zone increase the most as alcohol 
demands rise. At the Com 12 alcohol level, land rents in the North 
Central zone increase over 46 dollars from the Base value. This is due 
to the increased com production in that area as alcohol demands rise. 
Table 8. Land shadow prices. Scenario One 
Alternative 
Base Com 6 Cora 8 Corn 10 Com 12 
(dollars* per acre) 
67.75 78.20 86.23 93.74 101,22 
(+19%) " (+31%) (+42%) (+54%) 
*1975 dollars. 
^Percentage change from Base value-
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Commodity Shadow Prices 
Commodity shadow prices (Table 9) are the cost to the model of pro­
ducing the last unit of the commodity. Although these prices are not 
market determined, they do approximate market values given the system 
of costs and demands in the model. 
Table 9. Crop commodity shadow prices. Scenario One 
Crop Base 
Alternative 
Com 6 Com 8 Com 10 Com 12 
Feed grains 1.86 
Oil meal 
Wheat 
Cotton 
Hay 
Silage 
Oil meal/ 
com ratio 
10.14 
3.10 
204.76 
57.14 
17.64 
4.55 
(dollars^ per unit**) 
2.02 
10.88 
3.36 
210.07 
62.38 
18.88 
4.55 
2.12 
(+14%)^ 
11.31 
(+11%) 
3.55 
(+14%) 
214.93 
(+5%) 
65.46 
(14%) 
19.54 
(+10%) 
4.48 
(-2%) 
2.21 
11.75 
3.69 
217.55 
68.47 
20.19 
4.46 
2.30 
(+24%) 
12.20 
(+20%) 
3.83 
(+23%) 
221.92 
(+8%) 
71.66 
(+25%) 
20.93 
(19%) 
4.43 
(-3%) 
1975 dollars. 
^Units are: feed grains in corn equivalent bushels, oil meal in 
cwt, wheat in bushels, cotton in bales of lint, and hay and silage in 
tons. 
"Percentage change from Base values. 
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All crops in Table 9 show increases in price as alcohol production 
levels rise. At the 8 billion gallon level (Com 8), prices rise from 
5 to 14 percent from the Base level. Higher alcohol level alternatives 
yield higher commodity prices. These changing prices of the agricultural 
bill reflect the cost to the majority of society, the consumers. 
The increasing prices for farm commodities, as alcohol production 
levels rise, relate directly to land use results discussed previously. 
As more com production is demanded, more land must be made available. 
As the available unused dryland becomes scarce, more irrigated and 
marginal land enter into production. This process is costly and the 
costs are passed on to consumers in the form of higher grocery bills. 
The oil meal/corn price ratio (Table 9) is important to livestock 
producers because the relative prices of oil meal and com are used 
in determining rations. As alcohol demands rise, oil meal becomes 
slightly cheaper relative to com beyond the Com 6 altemative. This 
could lead to some substitution of oil meal for com by livestock pro­
ducers . 
Alcohol Production and Demand 
In this scenario, alcohol is produced from com grain to meet 
national alcohol demands. Regional demands have also been set in the 
model in order to get an idea where alcohol would be produced and dis­
tributed. In the model, each market region (Figure 3) is allowed to 
substitute alcohol for up to 20 percent of its 1980 gasoline consumption. 
In the transportation sector of the model, costs are incurred for either 
com or alcohol transport between regions. Thus, the model not only 
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decides where com should be produced for alcohol, but also where the 
alcohol should be produced and where it should be consumed. 
Table 10 illustrates the location of alcohol production while 
Table 11 summarizes the location of alcohol consumption. The model has 
two main choices to make. Either com can be transported from its pro­
duction sites to urban demand centers and then processed into alcohol, 
or the grain can be processed near the growing site and then the alcohol 
can be shipped to the demand centers. In most cases, transporting alcohol 
is cheaper than com so the latter strategy is chosen. 
Table 10. Location of alcohol production. Scenario One 
Market Alternative 
region Base Com 6 Com 8 Com 10 Com 12 
(million gallons) 
3 0 0 0 0 25 
4 0 348 455 798 873 
6 0 132 189 189 189 
7 0 939 1,202 1,202 1,546 
8 0 1,885 1,913 1,931 1,987 
9 0 807 475 1,441 1,949 
14 0 729 1,581 1,729 1,930 
15 0 392 849 1,136 2,001 
17 0 769 1,317 1,467 1,392 
22 0 0 20 107 107 
Total 0 6,000 8,000 10,000 12,000 
^Those market regions not listed do not produce alcohol. 
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Table 11. Location of alcohol demanded. Scenario One 
Market^ Alternative 
region Base Com 6 Com 8 Corn 10 Com 12 
(million gallons) 
2 0 0 0 383 783 
3 0 0 0 0 25 
4 0 348 455 798 (873)t 
5 0 0 0 601 (1,110) 
6 0 132 189 189 189 
7 0 938 (1,641) 1,641 1,641 
8 0 (1,109) 1,109 1,109 1,109 
9 0 807 (839) 839 839 
10 0 0 0 (387) 387 
12 0 867 (943) 943 943 
13 0 0 (352) 352 352 
14 0 (639) 639 639 639 
15 0 (392) 392 392 392 
16 0 0 0 0 (136) 
17 0 (769) 769 769 769 
18 0 0 (548) 548 548 
19 0 0 0 0 781 
20 0 0 0 0 43 
21 0 0 105 (303) 303 
22 0 0 19 107 (138) 
Total 0 6,000 8,000 10,000 12,000 
^Those market regions not listed do not receive alcohol. 
^Uppar limit allowed in model. 
The larger dryland corn production regions are picked as alcohol 
production sights in the model (Table 10), while most all of the United-
States east of Denver is on the receiving end of alcohol shipments 
(Tab3.e 11). The MRs which produce com or are closest to com production 
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regions (like 9 or 15) generally receive alcohol in the Com 6 alterna­
tive. Then the transport area spreads out as the alcohol demand rises 
and the upper limit on alcohol consumption is reached by com producing 
MRS. 
Soil Loss 
Regional soil loss in the Base alternative is shown in Table 12. 
The North Central zone is the most erosive zone in the United States 
followed by the Great Plains and South Central zonGS. These three 
regions account for almost 75 percent of the total U.S. soil loss in 
the Base solution. This is a result of the extensive row crop production 
in these areas. The least erosive zone is the Southwest where only 11 
million tons of soil are lost. 
Table 12. Regional gross soil loss in the Base solution 
Major Zone 
Land North South North Great South North­ South­ United 
group Atlantic Atlantic Central Plains Central west west States 
(million tons) 
Aggregate 77 366 530 491 453 66 11 1,989 
(tons per acre) 
1 1.88 4.45 1.60 2.42 4.54 1.09 .14 2.41 
2 4.02 6.82 2.66 2.84 4.95 1.90 .27 3.63 
3 9.61 12.17 11.61 8.14 17.66 3.67 3.30 10.35 
4 18.63 11.75 6.73 15.03 5.08 7.74 1.84 9.7 
5 70.40 33.30 8.15 28.17 56.18 38.52 .58 28.3 
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Until this study, very little work has been done to answer the 
questions,posed by many sources concerning alcohol production and its 
effect on soil loss. As stated previously, a number of these sources 
feel intuitively that alcohol production from com grain would cause 
increased soil loss as marginal lands were brought into production. 
Table 13 shows that in this model, increased alcohol production from com 
grain may not necessarily cause increased soil loss. While it is true 
that marginal land entering the solution is more erosive, three different 
phenomena in the model are simultaneously reducing soil loss. 
Table 13. Gross soil loss. Scenario One 
Land Altemative 
group Base Com 6 Com 8 Com 10 Com 12 
(tons per acre) 
1 2.4 2.5 2.5 2.5 2.4 
2 3.6 3.6 3.6 3.5 3.5 
3 10.3 10.3 9.9 9.9 9.6 
4 9.7 9.4 9.4 9.1 9.1 
5 28.3 26.4 25.7 24.4 24.4 
Total 5.5 
(1.98)* 
5.5 
(1.99) 
5.5 
(2.00) 
5.4 
(2.00) 
5.3 
(2.01) 
^Billion tons of soil. 
The first is a substitution of com for soybeans. The agronomic 
characteristics of the soybean plant are such that soybeans are a more 
erosive row crop than com. A later developing canopy, smaller root 
system, and less residue all work to decrease the ability of a soybean 
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crop to protect the soil when compared to a corn crop on the same acre 
of land. ^ Therefore, for the land in which com replaces soybeans in the 
solution, less soil loss results. 
What about the additional com which does not replace soybeans but 
is grown on land added to the land base? The second important soil loss 
reducing effect in the model is the addition of irrigated land. As 
reported previously, almost twice as much irrigated land is added to 
the land base as marginal land in the Com 12 alternative. Table 14 
makes an enlightening comparison between irrigated and nonirrigated 
land- As relatively nonerosive irrigated land is added to the land base. 
Table 14. Soil loss in the Com 12 alternative 
Land Land Group 
type 1 2 3 4 5 Total 
Dryland 2.41 3.64 9.81 9.32 24.95 5.4 
Irrigated land 2.61 1.79 5.08 5.69 8.47 2.80 
the per acre soil loss actually declines in the Com 12 altemative 
(Table 13). This helps make it possible for the expanded land base in 
the Com 12 altemative to lose no more soil than the Base. 
The third and probably most important soil loss reducing effect 
taking place in this scenario is the increase in nonconventional tillage 
methods. As alcohol demands rise, spring plowing and reduced tillage 
methods enter the solution (Table 15). These soil conserving tillage 
methods become viable alternatives because they reduce the long run 
decrease in soil productivity caused by soil loss and thereby help 
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Table 15. Tillage method by land group, alternative Com 12 
Tillage Land Groups 
method 1 2 3 4 5 Total 
(000 acres) 
Fall plow 2,798 5,245 3,950 160 601 12,753 (3)* 
Spring plow 29,731 109,481 42,458 15,542 5,027 202,239 (54) 
Reduced 
tillage 28,359 93,713 25,468 8,042 3,815 159,397 (43) 
Total 60,887 208,440 71,875 23,743 9,443 374,388(100) 
^Percentage of total. 
maintain yields. As discussed previously, the long run model used in 
this study accounts for yield reductions resulting from long run soil 
degradation. As the farmer with a 20 year planning horizon determines 
his optimal soil conservation levels, so the model determines the mini­
mum costs (including costs of soil loss) in producing the nation's food 
supply. 
Table 13 shows that the economically optimal^ soil loss level that 
can be achieved while producing 12 billion gallons of alcohol from com is 
slightly higher than that level achieved without alcohol production. 
Table 15 shows what the American farmer must do to keep soil loss at 
that optimal level as corn is harvested for alcohol fermentation. Fall 
plowing is a tillage method which must become almost extinct by 2000 in 
order to maintain soil loss levels. It must be replaced by less erosive 
practices like spring plowing and reduced tillage. Over 90 percent of 
^Optimal in the sense that it is minimum cost. 
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all land must be spring plowed or minimum tilled in alternative Com 12 
to achieve a constant level of soil loss. In essence, it is more econom­
ical to change to reduced tillage practices as alcohol demands increase, 
(and maintain Base level soil loss), than it is to continue with con­
ventional tillage methods (and allow soil loss to rise, eventually 
causing reduced yields). 
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CHAPTER IV. RESULTS: SCENARIO TWO, BESIDVE 
Scenario Two develops four alternatives which specify four levels 
of alcohol production from corn residue. The levels are 6, 8, 10, and 
12 billion gallons of alcohol, as in Scenario One, and are labeled 
Residue 6, Residue 8, Residue 10, and Residue 12, respectively. 
National and Regional Crop Production 
National crop production is unaffected by increased alcohol demands 
using com residue, but regional production shifts do occur. Com resi­
due removal is allowed in the areas outlined in Figure 6 which include 
the North Central zone and parts of the Great Plains and South Central 
zones. Thus, as alcohol demands increase, residue from these areas is 
harvested. As the existing residue is removed at higher alcohol demand 
levels, shifts begin to occur in crop production between regions (Table 
16). Specifically, com production is shifted to the zones designated 
for residue removal, which also have a comparative advantage in com 
production. 
The North Central Zone is the site of the highest com production 
influx accompanied by a decline in that zone's soybean and wheat produc­
tion. To make up for these declines, the South Atlantic zone produces 
an additional 170 million bushels of soybeans to meet the 2000 demands 
for oil meals in the Residue 10 alternative. As the demands for residue 
reach the extreme. Residue 12, the shifts in production become large. 
Table 16. Regional corn, soybean, and wheat production, Scenario Two 
Major Zone 
North South North Great South. North­ South­
Crop Atlantic Atlantic Central Plains Central west west U.S. 
(deviation from Base in i 000 bu.) 
Residue 10 
Corn -58,355 -594,401 +447,133 +176,263 +29,361 NC* NC NC 
Soybeans +7,799 +168,426 -180,644 +3,556 +862 NC NC NC 
Wheat NC +18,407 -30,563 +1,120 +4,110 +4,557 +2,345 NC 
Residue 12 
Corn -168,452 -1,383,912 ' +1,265,464 +251,492 +35,409 NC NC NC 
Soybeans +10,191 +403,888 -434,172 +19,231 +862 NC NC NC 
Wheat NC +24,475 -49,286 +2,057 +8,468 +9,858 +4,423 NC 
^No change. 
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Land Use 
As Che demand for com residue starts to rise, the existing residues 
in the removal region are harvested and additional com production is 
substituted for soybeans in the residue removal region; thus, the land 
base remains constant (Table 17). But, as the demands for alcohol hit 
the 10 and 12 billion gallon level, production shifts are not enough and 
new land must enter the land base to meet commodity and alcohol demands. 
Additional dryland, irrigated land, and marginal land enter the Residue 
10 and especially the Residue 12 solutions. In Residue 12, the land 
base expands by 2 percent as lower productive and higher cost lands are 
needed. 
Because the land base as a whole becomes less productive as new, 
less productive land enters the solution, crop yields are affected. 
Table 18 reflects the fact that the alcohol demand levels of 6 or 8 
billion gallons have relatively little influence on the cropping sector. 
But higher levels of alcohol demand require added land and result in 
declining yields for most crops. The model allows less valued crops 
to be grown on less fertile soil. This accounts for the fact that crops 
like oats, hay, and silage experience a relatively larger percentage 
decline in yields. 
Corn yields actually start to increase slightly as additional 
production is shifted to the fertile residue removal region. But, 
alcohol demands of the Residue 12 alternative require even a high 
valued crop like corn to be grown on the less fertile fringes of an 
expanded land base. As com is forced to be grown in the only 
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remaining land available in the residue removal region, namely the 
marginal land, yields fall. 
Table 17. U.S. land use by crop and type of land. Scenario Two 
Land Alternative 
use Base Residue 6 Residue 8 Residue 10 Residue 12 
(000 acres) 
Crop 
Feedgrains 114,288 113,825 114,276 114,567 116,248 
Soybeans 89,598 90,210 90,251 90,384 89,470 
Wheat 85,687 85,943 85,523 86,303 86,848 
Cotton 8,740 8,722 8,667 8,649 8,498 
Hay 48,029 47,999 48,225 48,647 49,448 
Silage 7,720 7,725 7,711 8,066 8,178 
and type 
Dryland 339,495 339,249 339,259 341,604 342,081 
(+l%)a 
Irrigated 
land 
21,457 22,015 22,310 22,886 25,568 
(+20%) 
Total 360,952 361,264 361,569 364,490 367,648 
(+2%) 
Marginal 
land 
27,677 27,809 27,767 28,078 28,946 
(+4%) 
^Percentage change from Base values. 
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Table 18. Crop yields. Scenario Two 
Unit Alternative 
Crop (acre) Base Residue 6 Residue 8 Residue 10 Residue 12 
Barley bu. 62.23 61.89 61.07 61.96 61.53 
(-2%)* 
Com bu. 123.89 124.16 124.89 125.22 121.71 
(-2%) 
Oats bu. 77.60 76.65 75.57 75.52 67.52 
(-13%) 
Sorghum bu. 56.79 57.98 56.68 55.22 58.72 
Soybeans bu. 35.91 35.67 35.65 35.60 35.96 
(0%) 
Wheat bu. 36.91 36.80 36.99 36.65 36.42 
(-1%) 
Cotton bale 1.41 1.42 1.43 1.45 
Hay ton 3.05 3.05 3.04 3.04 2.97 
(-3%) 
Silage ton 14.17 14.16 14.19 13.56 13.38 
(-6%) 
Percentage change from Base values. 
Commodity Shadow Prices 
All crops in Table 19 show an increase in shadow prices as alcohol 
production levels rise. The change in price is small in the first two 
alternatives (0-3 percent) but prices increase to a higher level (1-10 
percent) as alcohol demands rise in alternative Residue 12. The price of 
silage rises 10 percent from the Base value in alternative Residue 12 as 
residue removal becomes a competitor for com vegetation. This competi­
tion, coupled with lower yields, makes silage a relatively expensive crop 
to grow in this scenario. 
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Table 19. Crop commodity shadow prices. Scenario Two 
Alternative 
Crop Base Residue 6 Residue 8 Residue 10 Residue 12 
(dollars* per unit^) 
Feed grains 1. 86 1. 86 1. ,86 1. 87 1. 87 
Oilmeal 10. 14 10. 16 10. ,31 10. ,41 10. ,92 
Wheat 3. 10 3. 13 3. 16 3. 22 3. 53 
Cotton 204. 76 204. ,76 205. 51 209. 34 214. 45 
Hay 57. 14 57. 80 58, .43 59. 25 62. 56 
Silage 17, .64 18, .02 18, .32 18, .69 19, .48 
*1975 dollars. 
^Units are: feed grains in com equivalent bushels, oilmeal in cwt, 
wheat in bushels, cotton in bales of lint, and hay and silage in tons. 
These increases in shadow prices are mild compared to the increases 
in Scenario One. From a consumer's financial standpoint, alcohol produc­
tion from com residue would be preferred to the same production from 
com grain. 
Alcohol Production and Demand 
Since the area of residue removal is restricted in Scenario Two 
and the cost of transporting residue is high, alcohol is produced in the 
areas in which the com residue is harvested (Table 20). The highest 
level of alcohol production takes place in the midwestem corn belt. 
This area accounts for 93 percent of the alcohol produced in Residue 12. 
The alcohol production location in Scenario Two does not extend 
as far east as the location of alcohol production in Scenario One due 
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Table 20. Location of alcohol production. Scenario Two 
•^Market Alternative 
region Base Residue 6 Residue S Residue 10 Residue 12 
(million gallons) 
7 0 712.1 775.9 899.3 953.1 
9 0 430.4 623.9 949.3 1,357.0 
12 0 0 0 178.0 336.4 
13 0 762.3 1,466.0 1,747.1 1,864.1 
14 0 1,153.2 1,154.4 1,322.2 1,975.9 
15 0 668.6 1,070.6 1,420.2 1,886.3 
17 0 1,863.3 2,498.9 3,030.6 3,112.5 
21 0 126.2 126.2 126.2 178.8 
22 0 283.8 283.8 327.0 335.9 
Total 0 6,000.0 8,000.0 10,000.0 12,000.0 
^Those market regions not listed do not produce alcohol. 
to the residue removal restriction and expense of residue transport. 
This has a direct effect on the areas that receive alcohol from the 
Midwest (Table 21). In Scenario One, all the northeast section of the 
United States received alcohol for consumption except Maine. But, be­
cause of the small amount of alcohol production east of Cincinnati in 
Scenario Two, the transportation costs of alcohol become restrictive for 
the Northeast. It is important to remember that regions were allowed 
20 percent of their 1980 gasoline consumption in the form of alcohol. 
If this ceiling on alcohol consumption was lowered, alcohol would probably 
be transported to the Northeast as well. And conversely, if the mid-
western users of alcohol could use a higher alcohol/gasoline mix and the 
50 
artificial ceiling in the model were raised, less alcohol would be trans­
ported out of the alcohol producing areas. 
Table 21. Location of alcohol demand. Scenario Two 
Market Alternative 
region Base Residue 6 Residue 8 Residue 10 Residue 12 
(million gallons) 
4 0 0 0 0 (873) 
5 0 0 660 (1,110) 1,110 
7 0 712 776 (1,641) 1,641 
8 0 218 (1,109) 1,109 1,109 
9 0 454 (839) 839 839 
10 0 (387) 387 387 387 
11 0 0 0 0 112 
12 0 (943) 943 943 943 
13 0 (352) 352 352 352 
14 0 (639) 639 639 639 
15 0 (292) 392 392 392 
16 0 0 0 (136) 136 
17 0 (769) 769 769 769 
18 0 (548) 548 548 548 
19 0 145 145 694 (979) 
20 0 0 0 0 (550) 
21 0 (303) 303 303 303 
22 0 (138) 138 138 138 
23 0 0 0 0 (180) 
Total 0 6,000 8,000 10,000 12,000 
^Those market regions not listed do not receive alcohol. 
^Upper limit allowed in the model. 
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Soil Loss 
The harvesting of com residue for the feedstock in alcohol pro­
duction is a practice which is quite detrimental to the soil. As 
alcohol demand increases in alternatives Residue 6, Residue 8, Residue 
10, and Residue 12, soil losses increase from the base 5, 9, 14, and 
18 percent, respectively. Most of the additional soil loss is in the 
North Central and Great Plains zones where the combined losses increase 
31 percent from the Base to Residue 12 (Table 22). The South Central 
and Southwest zones also experience higher soil loss. 
U.S. soil loss from group one land increases over 40 percent in 
Residue 12 due to the stress of increased alcohol production (Table 22). 
This increase in the land group which is least erosive illustrates 
what concentrated row cropping and residue removal can do the the flee­
test land in the United States. 
While it is true that the North Central and Great Plains zones 
have a large amount of land which loses less than 2T (2 times the T 
factor) of soil, both have a tremendous amount of loss from highly 
erosive land which loses 4T to lOT or more annually (Table 23). In 
fact, 18 percent of the total soil lost by the North Central zone in 
alternative Residue 12 comes from land losing over 10 times the T 
factor per acre (73 percent more than in the Base). The Great Plains 
loses two-thirds of its total soil loss from land losing over 4T per 
acre (70 percent more than in the Base). 
In Scenario One, soil loss in all alternatives was maintained at 
the Base level primarily because of a shift from fall plowing to 
Table 22. Regional gross soil loss in the Residue 12 solution 
Major Zone 
Land 
group 
North 
Atlantic 
South 
Atlantic 
North 
Central 
Great 
Plains 
South 
Central Northwest Southwest 
United 
States 
(million tons) 
Aggregate 67 
(-8%) 
376 
(+3%) 
743 
(+40%) 
590 
(+20%) 
(tons per 
498 
(+10%) 
acre) 
66 
(0%) 
13 
(+15%) 
2,352 
(+18%) 
1 2.09 4.44 2.98 3.96 4.74 1.13 .15 3.46 
(+41%) 
2 4.16 6.83 4.10 3.12 4.76 1.90 .35 4.51 
(+18%) 
3 11.03 13.31 13.14 9.92 18.14 3.67 3.30 11.97 
(+13%) 
4 18.64 11.24 8,94 13.03 7.28 6.07 2.69 10.28 
(-5%) 
5 70.40 34.22 8.80 35.87 55.36 28.59 1.70 29.33 
(-1%) 
^'Percentage change from Base values. 
Table 23. Soil loss on area exceeding soil loss limit by zone, Scenario Two, alternative 
Residue 12 
Major Zone 
Item 
North 
Atlantic 
South 
Atlantic 
North 
Central 
Great 
Plains 
South 
Central 
North­
west 
South­
west 
Total 
U.S. 
(000 tons) 
Less than 1 TF® 7,936 68,439 211,937 130,461 74,947 17,339 9,627 520,685 
Less than 2* 8,730 76,539 248,509 74,884 75,991 22,531 1,469 508,652 
Less than 4* 19,529 154,722 65,336 33,650 148,532 9,553 727 432,050 
Less than 10* Tl'^ 9,347 55,382 85,600 305,858 
(229,656)® 
161,264 0 906 618,358 
More than 10* TF 21,039 20,577 131,521 
(96,582) 
45,459 37,204 16,728 0 272,527 
factor. 
^2 times T factor. 
^4 times T factor. 
^10 times T factor. 
^Base value. 
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spring plowing and reduced tillage. Reduced or minimum tillage as 
defined in this model requires residue to be left on the soil surface. 
Because com land used in Scenario Two as a site for alcohol feedstock 
production has residue removed, it is not eligible for reduced tillage 
in the model. This is very important as the model works to minimize 
production costs and thereby optimize the level of soil loss allowed. 
Table 24 illustrates the shift in tillage practices from conven­
tional fall plowing to spring plowing and minimum tillage. As in 
Scenario One, it is more economical to shift to less erosive tillage 
practices than it is to incur soil losses which eventually lowar pro­
ductivity. But, unlike Scenario One, com land is used as residue 
removal sites in Scenario Two. The land becomes highly erosive as 
residue is removed and is very hard to manage. The changes in tillage 
practices that do occur do not entirely counteract the soil erosive 
effect of residue removal in alcohol production. So, the shifts to 
nonerosive farming practices continue in Scenario Two as conservation 
practices shift from straight row to contouring, strip cropping, and 
terracing (Table 24). But, as Table 22 illustrates, even shifts in 
tillage and conservation practices cannot hold soil loss near the Base 
level as alcohol demands rise. Using com residue for alcohol produc­
tion would require large shifts in farming methods and still cause 
10-20 percent increases in soil loss by 2000. 
Table 24. Land use by conservation practice, Scenario Two 
Conservation 
practice 
Tillage 
practice 
Alternative 
Residue 6 Residue 8 Residue 10 Residue 12 
(000 acres) 
Straight row (-2%)* 
Fall plow 11,557 11,192 12,475 13,388 
Spring plow 223,151 237,377 244,416 251,104 
Minimum till 116,770 103,073 96,005 85,784 
Contouring (+530%) 
Fall plow 0 0 0 0 
Spring plow 6,619 6,664 7,960 13,242 
Minimum till 0 0 0 0 
Strip cropping (+125%) 
Fall plow 0 0 0 0 
Spring plow 236 383 236 236 
Minimum till 0 0 525 626 
Terracing (+33%) 
Fall plow 0 0 0 0 
Spring plow 2,881 2,799 2,792 3,055 
Minimum till 83 83 83 215 
Total 361,297 361,571 364,492 367,650 
^Percentage change from Base values. 
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CHAPTER V. RESULTS: SCENARIO THREE 
Scenario Three contains three alternatives labeled Grain/Residue, 
Residue lOT, and Corn lOW. Each alternative includes alcohol production 
at the 10 billion gallon level under a variety of constraints. These 
constraints were designed to pinpoint a number of areas which were 
analyzed less specifically in Scenarios One and Two. 
Alternative Grain/Residue 
This alternative involves the production of 10 billion gallons of 
alcohol using com grain and com residue equally as the source of 
alcohol feedstock. Because grain and residue are joint products in 
corn production, they can both be harvested from the same parcel of 
land. 
Crop production in this alternative (Table 25) varies from the 
Base in com and soybean production only. Corn production is increased 
by 20 percent and soybean production falls 11 percent as 1.67 billion 
bushels of corn is required for the production of 5 billion gallons of 
alcohol. The production of 5 billion gallons of alcohol from corn 
residue has no effect on national crop production because it can be 
harvested from corn already in production. 
Crop yields are not affected by the alcohol production in this 
alternative but land use does change (Table 25). The total land base 
expands by 1 percent with two-thirds of the increase supplied by dry­
land. This increase of the land base is less than that in the Com 6 
alternative in which only 6 billion gallons of alcohol are produced. 
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Table 25. Production, yield, land use, and shadow prices for endogenous 
crops in the Grain/Residue alternative 
Crop Unit Production Yield Land use Shadow price 
(million units) (units/acre)(000 acres) (dollars/unit) 
Cora bu. 10,117 125.0 82,222 1.84 
Wheat bu. 3,163 36.8 85,938 3.27 
Soybeans bu. 2,849 35.8 79,655 10.58^ 
Sorghum bu. 1,378 56.6 24,326 2.42 
Oats bu. 726 75.8 9,576 1.82 
Barley bu. 775 62.0 12,495 2.09 
Silage ton 109 14.3 7,661 18.92 
Hay ton 147 3.0 48,610 61.45 
Cotton bale 12 1.4 8,654 208.50 
Total 367,053 
^1975 dollars. 
^Cwt. oil meal equivalent. 
This is because the Grain/Residue alternative uses less com grain as 
alcohol feedstock than Com 6 and com grain is the source which 
production requires additional land as discovered in Scenario One. 
Hence, the use of residue to supplement grain puts less strain on the 
extensive margin of the land base. 
Since less land is added to the land base as residue supplements 
the use of grain in alcohol production, total production costs rise less. 
This increase in production costs accounts for the fact that shadow 
prices rise far less in the Grain/Residue altemative than in the 
Scenario One alternatives in which com grain is used alone in the 
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alcohol process. In fact, shadow prices rise only slightly in Grain/ 
Residue when compared to the Base (Table 25). 
To this point in our analysis, it seems as though the use of grain 
and residue is preferable to the use of grain alone in the alcohol pro­
duction process. If this study did not allow for environmental consider­
ations, that conclusion could be drawn. But, Table 26 illustrates the 
dark side of residue removal. In Grain/Residue, farming methods switch 
Table 26. Soil loss under various alternatives in the year 2000 
Land' 
group 
Alternative 
Base Com 10 Grain/Residue Residue 10 
(tons per acre) 
1 2.4 2.5 2.9 3.3 
2 3.6 3.5 4.0 4.3 
3 10.3 9.9 10-2 11.2 
4 9.7 9.1 9.5 9.8 
5 28.3 24.4 25.9 27.0 
Total (1.98)* (2.00) (2.14) (2.26) 
^Billion tons of soil. 
from conventional to minimum tillage. This result was common to each 
alternative studied thus far. In the corn alternatives, this change 
in tillage practices allows alcohol production at high levels without 
a significant increase in soil loss. But as soon as residues are 
removed, soil loss increases take place as witnessed in Scenario Two 
and now the Grain/Residue alternative. The use of residue to produce 
half of the 10 billion gallon alcohol demand, in conjunction with 
grain, increases Base soil loss levels by 8 percent (Table 26). When 
compared to the other 10 billion gallon alternatives, Grain/Residue 
produces 7 percent more soil loss than Com 10 and 6 percent less than 
Residue 10. To conclude, supplementing com grain with corn residue 
to produce 10 billion gallons of alcohol can help to lower crop produc­
tion costs and commodity shadow prices when compared to the same alcohol 
production using grain alone. But the price which is paid for the in­
creased efficiency is an 8 percent increase in soil loss. 
Alternative Residue lOT 
This alternative involves the production of 10 billion gallons of 
alcohol from corn residue as in Residue 10 with one constraint. That 
constraint is that no land can produce more soil loss than its T value. 
This tolerance level must be met while minimizing production costs. 
Since crop production in the Residue 10 alternative was highly erosive 
(Scenario Two), it seems obvious that a rigid soil loss constraint 
imposed in Residue lOT could cause changes in a number of results. 
The first and most obvious change is soil loss. If all land was 
required to produce at or below its T level, while producing 10 billion 
gallons of alcohol from com residue, total U.S. soil loss would be 
less than half of the Base amount (Table 27). Over one billion tons 
of soil would be saved nationwide with all zones but the Southwest 
contributing to the savings. The percentage share of soil loss (Table 
27) increases most in the North Central zone because of the zone's 
comparative advantage in com grain production (thus residue produc­
tion), and because it contains a large amount of nonerosive land from 
Table 27. Soil loss by region, alternative Residue lOT 
Major Zone 
North South North Great South 
Atlantic Atlantic Central Plains Central Northwest Southwest U.S. Total 
(000 tons) 
Base 
72,309 365,919 529,535 491,165 453,219 66,018 11,068 1,989,214 
(4)3 (18) (27) (25) (23) (3) (1) 
Residue lOT 
23,537 120,428 329,096 194,779 167,837 31,628 12,606 879,912 
(3) (14) (37) (22) (19) (4) (1) 
Reduction 
48,772 245,491 200,439 296,386 285,382 34,390 -1,538 1,109,302 
im- ^ 
^Percentage of U.S. total. 
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group 1. The model shifts additional corn production to the North 
Central zone to harvest corn residue on land where soil loss is minimal. 
The model achieves an optimal solution with constrained soil loss 
by three means. One involves the shift in conservation practices from 
erosive straight row production to contouring, strip cropping, and ter­
racing. Table 28 illustrates this shift as straight row methods fall 
34 percent from the Residue 10 alternative values and the three soil-
conserving conservation practices increase tremendously on a percentage 
basis. Land in row cropping as a fraction of total land falls from over 
90 percent in the Base to 65 percent in Residue lOT. Thirty-five per­
cent of all land in residue lOT is farmed using a form of conservation 
practice other than straight row. 
The second adjustment made in the model is the shift from conven­
tional to minimum tillage practices. Only 3 percent of all land in 
Residue lOT is allowed to be fall plowed (Table 28). This is the most 
complete shift of tillage practices in all the 11 alternatives of this 
study. 
The third soil loss minimizing shift in the model is a substantial 
substitution of irrigated production for dryland production. Over 12 
million additional acres of dryland is converted to irrigation, bringing 
the total irrigated land base to over 34.5 million acres in Residue lOT. 
As discussed previously, less erosive irrigated land can be developed 
at a specified cost to the model. 
The three shifts by which T levels were reached in the model include 
shifts in conservation practices, tillage practices, and shifts from 
Table 28. Land use by conservation and tillage practice, alternative Residue lOT 
Land Class 
practice practice .1 . 2 3 4 5 Total 
(000 acres) a b 
Straight row (65)° (-34%)^ 
Fall plow 2,390 4,540 786 36 70 7,822 
Spring plow 44,410 54,326 26,777 3,854 1,058 130,424 
Minimum tillage 14,025 51,277 21,094 5,443 3,876 95,714 
Contouring (27) (+1,129%) 
Fall plow 0 1,829 0 0 0 1,829 
Spring plow 0 67,752 0 0 0 67,752 
Minimum tillage 0 28,241 0 0 0 28,241 
Strip cropping (4) (+1,892%) 
Fall plow 0 0 0 0 0 0 
Spring plow 0 0 7,530 294 0 7,823 
Minimum tillage 0 0 7,274 61 0 7,335 
Terracing (4) (+416%) 
Fall plow 0 0 0 161 0 161 
Spring plow 0 0 0 10,641 0 10,641 
Minimum tillage 0 0 0 4,030 0 4,030 
Total 60,825 207,964 63,461 24,519 5,003 361,772 (100) 
^Percentage of total land in each conservation practice. 
'^Percentage change from Residue 10 conservation practice values. 
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dryland to irrigated land. Each of these shifts comes about at some 
added cost. This cost included in the model is reflected in the opti­
mal solution in the form of shadow prices. 
There are two sets of shadow prices in the model as discussed 
previously. Land shadow prices reflect the marginal value of the last 
acre of land added into production. Commodity shadow prices reflect 
production costs of the last unit of that crop produced. Land shadow 
prices triple from Base values to over 200 dollars per acre in Residue 
lOT. This figure dramatically illustrates the expense of reducing 
soil loss on all land, especially land which is added to the land base 
on the margin. It also reflects the value to the model of a unit of 
land which produces crops without exceeding T level soil loss. 
Table 29 shows the approximate cost of T level soil loss to the 
consumer of agricultural crops. Most shadow prices are double Base 
Table 29. Crop shadow prices. Alternative Residue lOT 
Croo 
Alternative 
Base Residue lOT 
Feed grains 
Oil meal 
Wheat 
Cotton 
Hay 
Silage 
1.86 
10.14 
. 3.10 
204.76 
57.14 
17.64 
Si b (dollars per unit ) 
3.25 
20.17 
6.80  
267.00 
103.74 
31.04 
1975 dollars. 
^Units are: feed grains in corn equivalent bushels, oil meal in 
cwt., wheat in bushels, cotton in bales of lint, and hay and silage in 
tons. 
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values or more in Residue lOT. It is clear that the costs of soil 
conservation, if accepted initially by producers in the form of land 
capitalization, would eventually affect consumers as well. It is also 
clear to see that prices of this sort might be somewhat difficult for 
This alternative involves the production of 10 billion gallons of 
alcohol from corn grain with a constraint on irrigation. Irrigation 
patterns are constrained in this alternative to match those in the 
Base. In the previous alternatives, irrigation usually increased to 
aid in the production of corn for alcohol. But there is a possibility 
that dwindling water supplies and rising energy costs might make it 
impossible to expand the irrigated land base in the future. Thus, it 
is important to examine alcohol production in an environment in which 
increases in irrigation cannot occur. 
The initial effects of the irrigation constraint are apparent in 
the use of endogenous cropland (Table 30). The Corn lOW alternative 
Table 30. Land use under various alternatives 
consumers to accept. 
Alternative Com lOW 
Alternative 
Land type Base Corn 10 Com lOW 
(000 acres) 
Dryland 
Irrigated land 
339,495 
21,457 
344,969 
27,407 
356,792 
21,457-
Total 360,952 372,376 378,249 
(Shadow price) ($65.75) ($93.74) ($160.39) 
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uses no more irrigated land than the Base, and 6 million acres less 
than Corn 10. Dryland increases tremendously in Corn lOW in an effort 
to meet commodity and alcohol demands. But because of the poor quality 
of dryland remaining beyond the 345 million acre level. Com lOW 
requires 10 million acres of additional dryland to meet the same demands 
as Com 10 met with 6 million acres of irrigated land. Because so much 
low productive dryland is added to the landbase in Com lOW, production 
costs rise. Hence, the marginal value of the last acre of added land 
rises. This is reflected in the land shadow prices (Table 30). 
Low productivity in the additional 10 million acres of dryland 
(used in Com lOW because of the irrigation constraint) affects yields 
on a national level (Table 31). Even though this added land accounts 
Table 31. Yields under various alternatives 
Crop Unit 
Alternative 
Base Corn 10 Corn low 
(units/acre) 
Barley bu. 62.23 61.98 60.49 
Corn bu. 123.89 124.21 124.17 
Oats bu. 77.60 71.06 71.04 
Sorghum bu. 56.79 58.98 52.89 
Soybeans bu. 35.91 35.60 35.38 
Wheat bu. 36.91 36.04 35.92 
Cotton bale 1.41 1.41 1.41 
Hay ton 3.05 2.93 2.71 
Silage ton 14.17 13.99 13.60 
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for only 2 percent of the total land base, it affects total yields sub­
stantially. Yields in Com iOW are 0 to 10 percent lower than yields 
in Corn 10. 
The increase in production costs due to relatively lower produc­
tivity of the expanded dryland base causes substantial increases in 
commodity shadow prices (Table 32). On the average, consumers would 
Table 32. Crop commodity shadow prices under various alternatives 
Crop Base 
Alternative 
Com 10 Com lOW 
Feed grains 
Oil meal 
Wheat 
Cotton 
Hay 
Silage 
1.86 
10.14 
3.10 
204,76 
57.14 
17.64 
(dollars^ per unit^) 
2.21 
11.75 
3.69 
217.55 
68.47 
20.19 
2.96 
(34) = 
15.96 
(36) 
6 - 2 2  
(68) 
226.66 
(4) 
95.26 
(39) 
25.78 
(28) 
1975 dollars. 
^Units are: feed grains in corn equivalent bushels, oil meal in 
cwt., wheat in bushels, cotton in bales of lint, and hay and silage in 
tons. 
"Percentage increase from Com 10 values. 
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pay a third more for crop commodities if irrigation could not expand 
to help produce corn grain for the alcohol industry. These results 
occur simply because at the margin it takes 10 million acres of low-
quality dryland (Com lOW) to produce the same mixture of crops as 6 
million acres of irrigated land (Corn 10). 
Previously, this study theorized that the increased use of irri­
gated land helped make it possible for soil loss levels to be relatively 
unaffected by alcohol production from corn grain. To test this theory. 
Corn low was developed to isolate the possible connection between irri­
gated land and soil loss under full scale alcohol production from corn 
grain. If the theory was correct, one would expect alternative Corn 
lOW to produce higher soil losses than Corn 10 or cause farniing methods 
to change more drastically than in Com 10. The latter proved to be 
the case as Table 33 illustrates. In order to counteract the influx of 
relatively erosive dryland into the land base in Corn lOW, the model 
minimized costs by increasing the usage of nonconventional conservation 
practices. Contouring, strip cropping, and terracing practices in­
creased dramatically between the Corn 10 and Com lOW alternatives. 
Straight row farming decreased in Corn lOW as did fall plowing tillage 
methods. This shift in farming methods also contributed to the increase 
in shadow prices from the Corn 10 alternative to Com lOW (Table 32) 
because the eventual purchaser of soil conservation is the consumer. 
Table 33. Land use by conversion and tillage practices under alternative Corn lOW 
Conservation 
practice 
Tillage 
practice 
Land Class 
Total 
Straight row 
Contouring 
Terracing 
Fall plow 2,642 
Spring plow 29,328 
Minimum tillage 28,914 
Fall plow 
Minimum tillage 
Minimum tillage 
Strip cropping 
Fall plow 
Spring plow 
Minimum tillage 
Fall plow 
Spring plow 
Minimum tillage 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5,168 
89,545 
91,169 
0 
11,079 
10,154 
0 
0 
0 
0 
0 
0 
4,036 
42,342 
26,896 
0 
0 
0 
0 
881 
0 
0 
0 
0 
397 
11,751 
7,862 
0 
0 
0 
0 
83 
0 
147 
3,072 
802 
868 
6,037 
5,078 
0 
0 
0 
0 
0 
0 
0 
0 
0 
(-5%)' 
13,110 
179,003 
159,919 
0 
11,079 
10,154 
0 
964 
0 
147 
3,072 
802 
(+3,054%) 
(+297%) 
(+37) 
Total 60,884 207,115 74,154 24,115 11,983 378,251 
^Percentage change from Corn 10 conservation practice values. 
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CHAPTER VI. SUMMARY AND CONCLUSIONS 
This study examines the impact of large-scale alcohol production 
on the U.S. agricultural sector. It includes the use of com grain and 
com residue as a feedstock in the alcohol production process, and 
develops 12 alternatives to analyze various production options (Table 34). 
Alcohol production technology assumed in the model (3 gallons/bushel of 
grain and 1 gallon/20 pounds of residue) is not attainable today but. is 
likely by 2000. 
The use of corn grain for the feedstock in large-scale alcohol pro­
duction results in a number of changes in the agricultural sector. As 
demands for alcohol frora corn grain rise, corn production is substituted 
for soybean production nationally as feed by-products from the alcohol 
process substitute for soybean meal. Regional production shifts occur 
as well. The North Central and Great Plains zones, due to their compara­
tive advantage in corn production, contribute the largest shift from soy­
beans to corn. While it is true that much of the additional corn is 
grown on land previously in soybeans, some of thf; corn is grown on 
additional irrigated land and marginal dryland which have conversion 
costs. 
The addition of marginal land affects agriculture in at least three 
ways. First, as corn production increases to meet rising alcohol demands » 
less productive land is brought into the land base. Each marginal acre 
becomes more expensive to convert. This increases the imputed land rent 
of a marginal acre reflected in the model as land shadow prices. 
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Table 34. A description of alternatives for the year 2000 used in this 
study 
Alternative Description 
Base 
Com 6 
Com 8 
Corn 10 
Com 12 
Meets specified demands (Table A-1) without 
alcohol production 
6 billion gallons of alcohol production from 
corn grain 
8 billion gallons of alcohol production from 
corn grain 
10 billion gallons of alcohol production from 
corn grain 
12 billion gallons of alcohol production from • 
com grain 
6 billion gallons of alcohol production from 
com residue 
Residue 8 8 billion gallons of alcohol production from 
corn residue 
Residue 10 10 billion gallons of alcohol production from 
com residue 
Residue 12 12 billion gallons of alcohol production from 
com residue 
Grain/Residue 
Residue lOT 
10 billion gallons of alcohol production: 5 
from corn grain, 5 from com residue 
10 billion gallons of alcohol production from 
corn residue with soil loss restricted to T 
value 
Corn lOW 10 billion gallons of alcohol production from 
com grain with irrigation restricted to Base 
levels 
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Secondly, .with an increase in the amount of less productive land in the 
land base, the cost of producing each additional unit of commodity rises. 
This increases the size of the agricultural bill and consumers become 
affected indirectly by alcohol production through an increase in the 
price of agricultural commodities. The third effect of corn production 
on marginal land is an increase in soil loss. Most of the high potential 
marginal land available for production is erosive. As increases in 
com demands for alcohol rise, soil losses increase as well because 
farmers expand their production base on the extensive margin. 
The long run model used in this analysis is unique in that it 
incorporates productivity response to continued soil loss. Due to this 
feature, the model is realistic in the way costs are minimized because 
the cost of soil loss is included. Thus, as erosive land is added to 
the land base, soil conserving farming methods are implemented. At 
lower levels of alcohol production from com grain, the use of some 
spring plowing and minimum tillage methods sufficiently holds soil loss 
to Base levels. But at higher levels of alcohol production, a complete 
changeover from fall plowing to spring plowing and minimum tillage tech­
niques coupled with increased conservation practices like strip cropping, 
contouring, and terracing are needed to keep soil loss from increasing. 
It is possible to meet full scale alcohol production demands with com 
grain without increasing soil loss if farmers make fairly drastic changes 
in their farming methods. 
The addition of irrigated land to the land base helps reduce soil 
loss from com grain production because irrigated land is less erosive. 
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To isolate this effect, alternative Com lOW (Table 34) was developed 
and includes a constraint on irrigated land. The result is an increase 
in soil loss with a corresponding increase in conservation practices 
beyond that of the Corn 10 alternative. Thus, in an environment of 
depleted water supplies and increasing energy costs, the production of 
alcohol from com grain becomes even more detrimental to the soil. 
As in the case of corn grain, alcohol production from corn residue 
results in a change to soil conserving farming methods as com residue 
is harvested. But, this change is not sufficient to stem the soil loss 
increases caused by residue removal. Even at the lowest level of residue 
removal (Residue 6, Table 34), soil loss increases occur. 
Using corn residues for alcohol does, however, minimize alcohol 
production effects on farming costs, marginal land usage, and commodity 
shadow prices. The effect is minimal because the removal of corn residue 
can take place on land already in corn production. Also, the alcohol 
production process using corn residue does not yield a feed by-product 
so there is little interaction between the corn and soybean markets. 
One possibility which exists for alcohol production in the future 
is the use of both corn grain and corn residue. Alternative Grain/ 
Residue (Table 34) uses both technologies equally to meet an alcohol 
demand level of 10 billion gallons. This alternative is more erosive 
than the alternatives using com grain only, but it does have less effect 
on the agricultural marketplace. Commodity shadow prices are lower 
using both grain and residue for 10 billion gallons of alcohol than 
for alcohol production from grain alone producing 6 billion gallons. 
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But this efficiency is accompanied by an 8 percent increace in soil loss 
from the Base. To some members of our society, this trade-off may not 
be acceptable. 
What are the limits to which we can mix alcohol production and 
soil conservation? To answer this question, an alternative was developed 
which combines a very erosive method of alcohol production and a very 
constraining soil loss goal. Residue lOT includes the use of com resi­
due to produce 10 billion gallons of alcohol with a soil loss constraint 
which does not allow soil loss levels to exceed T values (Table 34). 
The most amazing result is that there is an optimal solution. That is 
to say that both goals can be met simultaneously. But, the cost of 
doing so is very high for both producers and coasuiuers and -v:ould prcbebiy 
prohibit any such joint goal. 
Table 35 compares all 12 alternatives in this study. By the rankings 
it is easy to see how alternatives relate and how logical patterns develop. 
Residue lOT, for example, uses very little additional land and results in 
very little soil loss. But it is the alternative which results in the 
highest costs to both farmers and consumers. Corn lOW uses an extensive 
amount of additional land, is expensive to farmers and consumers, and 
is a relatively erosive alternative. 
Alcohol production from grain (Corn 6 - Corn 12) uses more land, 
is more costly to consumers, but is less erosive than the residue alter-, 
natives (Residue 6 - Residue 12). The Grain/Residue alternative is a-
middle ground between the grain and residue alternatives (Table 35). 
Ic does not use as much land nor is it as costly as the grain alternatives, 
and it is not as erosive as the residue alternatives. 
Table 35. A comparison of alternatives 
Criteria 
Land 
(million acres) 
Cost 
production 
Land shadow prices 
(1975 dollars/acre) 
Commodity 
shadow prices Soil loss 
(ranked from highest l.o lowest) 
Corn low (375.25) Residue lOT Residue lOT (214.54) Residue lOT Residue 12 
Corn 12 (374.39) Corn 12 Corn low (160.39) Corn low Residue 10 
Corn 10 (372.38) Residue 12 Corn 12 (101.22) Corn 12 Residue 8 
Corn 8 (370.92) Corn low Corn 10 (93.74) Corn 10 Grain/Residue 
Corn 6 (369.26) Corn 10 Corn 8 (86.23) Corn 8 Residue 6 
Grain/Residue 
(367.65) 
Residue 10 Residue 12 (82.11) Corn 6 Corn 12 
Residue 12 (367.05) Grain/Residue Corn 6 (78.20) Grain/Residue Corn low 
Residue 10 (364.49) Corn 8 Grain/Residue (75.44) Residue 12 Corn 10 
Residue lOT (361.77) Residue 8 Residue 10 (71.66) Residue 10 Corn 8 
Residue 8 (361.57) Corn 6 Residue 8 (68.92) Residue 8 Corn 6 
Residue 6 (361.26) Residue 6 Residue 6 (67.11) Residue 6 Base 
Base (360.95) Base Base (65.75) Base Residue lOT 
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All the alternatives show that minimum tillage and conservation 
practices like contouring, strip cropping, and terracing are important 
deterents of increased soil loss from agriculture-based alcohol produc­
tion. 
In the production of alcohol from corn grain, the increased soil 
loss which occurs as marginal lands are farmed can be controlled. But 
the move to reduced or minimum tillage farming must accompany the build­
up of alcohol producing capability. Changes in farm practices required 
to avoid increased soil losses call for new management skills and a 
higher level of capital investment. Farmers must be made to realize 
that a cleanly plowed field in the fall is not necessarily evidence of 
an efficient money making operation. It is important that farmers 
realize that minimum tillage techniques can save 4 to 5 gallons of fuel 
per acre and numerous hours on the tractor, as well as maintain yields 
through erosion control. In an era of rising labor and fuel costs, even 
a farmer with the shortest planning horizon might consider minimum till­
age if he were given the relevant information. The proof of this theory 
can be discovered today as more and more farmers move to minimum tillage 
techniques. Once they realize the advantages in iuel labcr savings, . 
they may also be open to facts about the long run profitability of 
saving the soil. 
Conservation practices such as terracing may be the "last choice" 
means to soil erosion control in the mind of a farmer because of the 
initial cost. The Soil Conservation Service has done a remarkable job 
promoting the more costly conservation practices, which are needed on 
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severely erodablc land, considering the somewhat limited resources they 
receive. Additional funds appropriated to this type of effort would be 
well spent because it would be an investment in the future productivity 
of our land and thus the livelihood of our people. All must be made 
aware that alcohol production from com grain and soil conservation must 
mix in order to minimize future productivity depletion. 
The agricultural public is probably more aware of the erosion 
potential in residue removal than they are in expanded corn production. 
But the possible use of residue to produce alcohol may not be widespread 
information. At first glance, using a by-product of grain production 
for alcohol seems an inexpensive alternative. But the complete removal^ 
of residues from the surface of the soil is costly in terms of future 
productivity. Thus, the use of com residue for alcohol may be a bargain 
today but very expensive over time. 
It has been mentioned a number of times in this anslysis thaL infor­
mation concerning the trade-offs between alcohol production from agri-
gulture and agricultural soil loss must be made available to farmers. 
Farmers today are making intelligent decisions about soil conservation 
and resource management because they have begun to realize the impact 
that their farming zefhods have on the soil. But, the dissemination of 
information must be accompanied by guidance ami in some cases, financial 
support, to insure that intelligent decisions are carried out. 
"hchis study does not deal with partial removal of residues. Soil 
loss estimates for partial residue removal are unavailable. 
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Table A.l. Commodity demands for 2000 used in this study 
Use Crop Units Demands 
Consumption 
Barley 
Corn 
Oats 
Sorghum 
Wheat 
Oilmeal 
bu. 
bu. 
bu. 
bu. 
bu. 
cwt. 
(000 units) 
12,906 
595,506 
55,756 
0 
626,740 
206 
Exports 
Barley 
Com 
Oats 
Sorghum 
Wheat 
Oilmeal 
bu. 
bu. 
bu. 
bu. 
bu. 
cwt. 
141,972 
3,350,035 
28,897 
520,000 
2,222,022 
970,000 
Other 
Barley 
Corn 
Oats 
Sorghum 
Wheat 
Oilmeal 
bu. 
bu. 
bu. 
bu. 
bu. 
cwt. 
319,190 
377,308 
74,599 
19,900 
114,800 
249,997 
Livestock 
Barley bu. 
Com bu. 
Oats bu. 
Sorghum bu. 
Wheat bu. 
Oilmeal cwt. 
Nonlegume hay ton 
Legume hay ton 
Silage ton 
301,303 
4,127,397 
566,697 
838,216 
199,528 
296,634 
64,263 
82,191 
109,401 
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Table A.l (continued) 
Use Crop Units Demands 
(000 units) 
Total 
Barley bu. 775,371 
Corn bu. 8,450,247 
Oats bu. 725,949 
Sorghum bu. 1,378,116 
vJheat bu. 3,163,090 
Oilmeal cwt. 1,516,838 
Nonlegume hay ton 64,263 
Legume hay ton 82,191 
Silage bu. 109,401 
Cotton bale 12,344 
